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A metal oxide material comprises components, the composition of which is expressed by the 
following composition formula (I) : 

Ln a Ca b Sr c Ba d CU 2+ ^ h M h O ft+t C 9 (I) 

where 

a ' + b + c + d 
0 .2 ^ b S 1 . 0, 
0 § d S 1 . 7, 
0 ^ h S 0.2, 
0 .2 g S 1 . 0, 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid 
elements and M is one or more elements or atomic groups selected from a group consisting of Al, Si, Ti, 
V, Cr, Fe, Co, Ga, Ge and Pd. 



3, 0.2 ^ a ^ 0.8, 

0.3 ^ c S 2 .2, 

0 5 e S 0.8, 

0 < f < 2 . 0, 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a metal oxide material having electric conductivity and a process for prep- 
aration of the same. More particularly, the present Invention relates to a metal oxide material having super- 
conductive characteristics and a process for preparation of the same. The metal oxide material according to 
the present invention can be used in a variety of fields, such as various sensors, electronic elements, com- 
puters, medical devices, magnet, power-transmission lines, energy devices and voltage standard and the like. 

Related Background Art 

Since oxide superconductors containing copper, which have been sequentially found in recent years, have 
Tc (superconduction critical temperature) considerably higher than that of the conventional niobium type su- 
perconductors, applicability of the superconductor of the foregoing type has been examined in a multiplicity 
of fields. 

Among the foregoing oxide superconductors containing copper, Y-type (YBa 2 Cu 3 0 7 ) material has been 
found and its applicability has been examined. 

As the Y-type materials, there are superconductors having different crystalline structures and composition 
ratios. Their compositions are different in the quantity of copper and that of oxygen and the Y-type materials 
respectively are expressed by YBa 2 Cu 4 0 8 (1 24 structure) and Y 2 Ba 4 Cu 7 O y (y is about 1 5, 247 structure). Since 
superconductor of the foregoing type composed of the same component elements have different characteris- 
tics such as the critical temperature (Tc), they are considerably affected by synthesizing conditions such as 
the partial pressure of oxygen and temperature. A figure showing the relationship between the factors, such 
as the mixture ratio and the temperature, and the composition of the material which can be easily prepared is 
disclosed in, for example, Japanese Journal of Applied Physics Vol. 29, No. 12, December, 1990, pp. 2720- 
2724. According to the foregoing document, the 124 structure is rather stably present than 123 structure at 
about 750°C or lower in a case where the ratio of positive ion is Y:Ba:Cu = 1 :2:3 under condition of an extremely 
usual partial pressure of oxygen of 1 atmospheric pressure. It means that, if the reaction temperature is lowered 
by a means, such as particulating of the raw material, a single-phase 1 23 structure cannot easily be obtained. 
If a temperature distribution is present at the time of heat treatment, single phase cannot easily be realized. 
Further, the Y-type material essentially wants oxygen, and oxygen is introduced/discharged at 500 to 70Q°C 
accompanying structural phase transition. Accordingly, heat treatment is very generally performed in which 
the Y-type material is subjected to annealing process at the foregoing temperature to convert the phase to a 
phase containing a large quantity of oxygen in order to improve the superconductive characteristics, f<|r ex- 
ample, in order to raise Tc. It can be considered that the 124 structure is further stabled during the foregoing 
process. That is, the Y-type (YBa 2 Cu 3 07) material formerly encounters a problem that it cannot easily be made 
the single phase. 

Generally, if the material is not the single phase, if the material is material in which two types of super- 
conductors are present while being mixed, the averaged material characteristics of the two phases determine 
the characteristics of the material due to the difference in the physical properties such as Tc of each phase 
and the superconductive critical current density (Jc) and the like. Therefore, a sharp transition to the super- 
conductive state cannot take place or the essential superconductive characteristics of a sole superconductor 
cannot be exhibited sufficiently depending upon the situation. In electronics application field using a Josephson 
device and so forth, the device cannot be designed if the superconductive characteristics are not stable. As 
a result, the presence of a plurality of superconductive phases is a critical defect when a reliable device having 
excellent performance is inserted to be obtained. 

The "single phase state" which particularly attracts attention in this embodiment is a state in which the 
grain boundaries of superconductor are combined to each other while depositing no impurity phase in the grain 
boundaries of the foregoing Y-type material. The foregoing state is not mean a state where non-superconduc- 
tors are dispersed in the crystalline particles for, so-called "flux pinning". 

A consideration is made to realize power generation from, for example, magnet, which utilizes one of the 
characteristics of the superconductive phenomenon, that is, no electric resistance, and which generates high 
ievel magnetic field while using satisfactory small electric power consumption by flowing a large quantity of 
loss-less electric currents. In this case, if the "single phase state" is not realized particularly in an oxide su- 
perconductor due to deposition of impurities in the crystalline grain boundary, the quantity of the electric cur- 
rent is excessively restricted. Therefore, deterioration in the performance occurs. 

If the deposited substance is chemically unstable/the superconductive characteristics of the material ex- 
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cessively deteriorate and causes aging to take place. The grain boundary of the Y-type material is easily weak- 
ened due to the impurity phase or the deposition of an amorphous phase. Occurrence of the foregoing problem 
has been discussed in Oyo Buisuri, Vol. 60, No. 5 (1991), pp 462 to 465, 

5 As the copper oxide superconductor containing carbon and relating to the metal oxide material according 

to the present invention, material having a composition Sr 0 .oBa 1 . 1 Cu 1 . 1 02^{C0 3 ) a 9 has been disclosed in Nikkei 
Superconduction, April 1 3, 1992. According to this disclosure, the temperature at which the resistance is zero 
is about 26K. Therefore, there arises a problem in that liquid helium or a large-cost cooling device must be 
used at the time of using the foregoing material, Physica C Vol.191 (1 992) pp.434 to 440 has disclosed a similar 

10 material having a composition Sr 2 CuO 2 (C0 3 ). Since Sr 2 Cu0 2 (C0 3 ) has no superconductivity at low tempera- 
ture and exhibits a high electric resistance, it cannot be used as the oxide superconductor as well as the su- 
perconductor. 

it is usually preferable that the critical temperature Tc is about 30K or higher, more preferably 50K or higher. 
The reason for this is that various superconductor products each containing the superconductive material, the 

15 critical temperature Tc of which is 30K, can usually stably be operated only when it is cooled to about a 10K 
lower than the critical temperature. Therefore, the cooling method is limited excessively. That is, it is necessary 
for the superconductor to be cooled to 30K or lower by using liquid helium as the cooling substance and heat 
insulation using liquid nitrogen or vacuum. Therefore, a great facility must be used to shield heat from the room 
temperature portions. Even if a cryopump is used, a great heat shield using vacuum or a plurality of heat in- 

20 sulating materials must be used. Although it is preferable that the temperature is about 30K or higher, more 
preferably 50K or higher, the heat shield can considerably easily be established in the foregoing temperature 
region. As a result, the cooling system can be simplified and the superconductive state can be maintained sta- 
bly. 

25 SUMMARY OF THE INVENTION 



Accordingly, an object of the present invention is to provide a metal oxide material which can easily be 
made to be a single phase state and the characteristics of which can easily be controlled. 

Another object of the present invention is to provide a process for preparation of a metal oxide material 
30 which can easily be made to be a single phase state and the characteristics of which can easily be controlled. 

Another object of the present invention is to provide a metal oxide material having a high superconducting 
critical temperature of 50K or higher. 

Another object of the present invention is to provide a process for preparation of a metal oxide material 
having a high superconducting critical temperature of 50K or higher. 
35 In order to achieve the foregoing objects, according to one aspect of the present invention, there is provided 

a metal oxide material comprising components, the composition of which is expressed by the following com- 
position formula (I): 

LnaCabSreBa.iCua^HMhOe+rCg (I) 

where 

40 a + b + c + d=3, 0.2 ^ a ^ 0.8, 

0.2 £ b £ 1.0, 0.3 Scs 2.2, 
O^dS 1.7, 0 £ e =S 0.8, 
0£h £0.2, 0<f <2.0, 
0.2 g =S 1.0, 

45 Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements 
and M is one or more elements or atomic groups selected from a group consisting of Al, Si, Ti, V, Cr, Fe, Co, 
Ga, Ge and Pd. 

According to another aspect of the present invention, there is provided a process for preparation of a metal 
oxide material the composition of which is expressed by the following composition formula (l-A), comprising: 
50 heating a raw material to a temperature range from 600°C to 1100°C in an atmosphere in which the partial 
pressure of C0 2 is 0.01 to 1 atm and the partial pressure of 0 2 is 10 to 400 atm: 

Ln a Ca b Sr c Ba d Cu 2+c O 6+f C 0 (l-A) 

where 

a + b + c + d=3, 0.2 ^ a ^ 0.8, 
55 0.2 £S b£ 1.0, 0.5 £ c ^ 2.2, 

0 ^d ^ 1.6, 0 £ e £ 0.8, 
0<f<2.0, 0.2 S gas 1.0,. 
Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements. 
According to another aspect of the present invention, there is provided a process for preparation of a metal 
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oxide material the composition of which Is expressed by the following composition formula (l-B), comprising: 
heating a raw material to a temperature range from 800°C to 1200°C in an atmosphere in which the partial 
pressure of C0 2 Is 0.001 to 0.2 atm and the partial pressure of 0 2 is 0.2 atm or higher and annealing the raw 
5 material at a temperature range from 400°C to 1200°C in an oxygen atmosphere of 5 atm or higher 

(Ln^.Ca.JtSrj.bBabXCu^cCcJCuzO^ (l-B) 

where 

0.2 S a S3 0.8, 0.4 =51.7, 
0.25 cS 0.7, 0<d<2.0 
10 Ln is one or more elements or atomic groups selected from a group consisting Y and of lanthanoid elements 
except for Ce, Pr and Tb. 

According to another aspect of the present invention, there is provided a process for preparation of a metal 
oxide material the composition of which is expressed by the following composition formula (l-C), comprising; 
heating a raw material to a temperature range from 850°C to 1100°C in an atmosphere in which the partial 
is pressure of C0 2 is 0.001 to 0.02 atm and the partial pressure of 0 2 is 0.2 atm or higher and annealing the 
raw material in an oxygen atmosphere range from 10 atm to 1000 atm: 

(Ln 1 . a Ca - )(Sr a . b Ba b )(Cu 1 - c C e )Cu 2 O e ^ (l-C) 

where 

0.4 3 a 3 0.8, 0.8 2ab£1.6, 
20 0.3 SC ££0,7, 0.5 3 d £ 1.5 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements 
except for Ce, Pr and Tb. 

According to another aspect of the present invention, there is provided a process for preparation of a metal 
oxide material the composition of which is expressed by the following composition formula (i-D), comprising: 
25 heating a raw material in an atmosphere in which the partial pressure of C0 2 is 0.001 atm or higher and the 
partial pressure of 0 2 is 0.2 atm or higher: 

Ln a Ca b Sr c Ba d Cu 2 ^ h M h O e+f C 0 (i-D) 

where 

a + b + c + d = 3, 0.2 3a 30.8, 
30 0.2 3 b 3 1.0, 0.3 3c 3 2.2, 

0 3d 3 1.7, 0 3e 30.8, 
0,05 3 h 30.2, 0<f<2.0, 
0.23g3 1.0, 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements, 
35 and M is one or more elements or atomic groups selected from a group consisting of At, Si, Ti, V, Cr, Fe, Co, 
Ga, Ge and Pd. | 

Other and further objects, features and advantages of the invention will be appear more fully from the fol- 
lowing description. 



40 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph which shows the result of measurement of the dependency of electric resistance upon 
the temperature according to Example 1; 

Fig. 2 is a graph which shows the result of measurement of the dependency of susceptibility upon the tem- 
45 perature according to Example 1; 

Fig. 3 is a chart which shows the result of measurement of the X-ray diffraction according to Example 1; 
and 

Fig. 4 is a graph which shows the result of measurement of the dependency of electric resistance upon 
the temperature according to Example 28. 

50 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Y-type 123 structures (YBa 2 Cu 3 07) of oxide superconductors of a type containing copper contains the 
copper at two different positions which are in the different atmospheres on the crystallographical viewpoint. 
55 One of the two positions for copper is the Cu0 2 plane closely relating to the superconduction and performing 
a major rote in the superconduction. The Cu0 2 plane is an essential component unit of the oxide supercon- 
ductor of the type containing copper. The other position for copper is a so-called "Cu-O chain layer" which is 
a component unit in which copper atoms and oxygen atoms are disposed alternately in a one-dimensional 
chain-like state. Copper in the Cu-O is present in contrast with coppers in the Cu0 2 plane which form a two- 
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dimensional network while interposing oxygen. As described above, the two types of copper atoms are present 
together with oxygen atoms in approximately the same plane and they are present in the different manner 
such that either of them is present while forming the two-dimensional network and the residual is present while 

5 forming the one-dimensional chain-like formation. The foregoing fact can be understood from the positional 
relationship from a Y-layer and Ba-O layers constituted by Y and Ba elements present vertically while inter- 
posing each layer. That is, the Cu0 2 plane is interposed between the Y-layer and the Ba-0 layer, while the 
Cu-0 chain layer is interposed between the two Ba-O layers. Attention must be paid here that oxygen in the 
Cu-0 chain layer easily lacks in the foregoing structure. Further, each of the foregoing 124-structure and 247- 

10 structure is formed by superimposing the two Cu-O chain layers or by periodically superimposing the same. 
That is, it is analogized that the Cu-O chain layer essentially has instability. The quantity of the lack of oxygen 
in the Cu-O chain layer closely relates to the superconductive characteristics. That is, the quantity of oxygen 
corresponds to the concentration of the carrier for realizing the superconduction. Namely, also the Cu-O chain 
layer is an essential component unit for the superconductor. The inventors intended to stabilize the instable 

is Cu-O chain layer while maintaining the superconductivity by periodically or non-periodicaliy partially substi- 
tuting copper of the Cu-0 chain layer by carbon element having smaller ion radius. As a result, a novel super- 
conductor which can be easily made single phase could be synthesized. That is, the inventors found that a 
single-phase novel structure relating to the 123-structure can be prepared while preventing formation of the 
124-structure and the 247-structure by shortening the distance between the Cu-O chain layer and the Ba-O 

20 layers positioned vertically while interposing the Cu-0 chain. The reason why the structure according to the 
present invention is called the "structure relating to the 123-structure" is that it is a different structure in the 
crystallographical viewpoint from the Y-type 123 structure because it includes a portion in which oxygen is posi- 
tioned at different positions from oxygen in the Y-type 123-structure. if forced to call it, it is considered correct 
that it is called 1212-structure. The present invention can be realized by substituting a portion of Ba by Sr which 

25 has an ion diameter smaller than that of Ba and which is an alkaline earth element and by substituting a portion 
of three divalent Y element by two divalent Ca element in order to control the carrier concentration. The present 
invention can also be realized by using specific element by a proper quantity together with carbon atoms. 

That is, the metal oxide material according to the present invention is characterized by the following Com- 
position Formula (I): 

30 Ln a Ca b Sr c Ba d Cu 2+e . h M h O 6+f C 0 (I) 

where 

a + b + c + d = 3, 0.2 ^ a ^ 0.8, 
0.2S 5S1.0, 0.3 £ cS 2.2, 
0sdS1.7, OS 0.8, . . *" 

35 0 S h sa 0.2, 0 < f < 2.0, 

0.2 SgS 1.0, 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements 
and M is one or more elements or atomic groups selected from a group consisting of Al, Si, Ti, V, Cr, Fe, Co, 
Ga, Ge and Pd, 

40 The metal oxide material expressed by the foregoing formula (I) and according to the present invention is 

further characterized by the following Composition Formulas (1-1) to (I-3) : 

Ln a Ca b Sr c Ba d Cu 2+ «0 6+t C fl (1-1) 

where 

a + b + c + d = 3, 0.2 ^ a ^ 0.8, 
45 0.2SbSL0, 0.3SCS2.2, 

OsdSU OSes 0.8, 
0<f<2.0, 0.2 ^ g ^ 1.0, 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements, 

Ln a Ca b Sr c Ba d Cu 2+ ,Oe*fC fl (I-2) 

so where 

a+b + c+ d = 3, 0.2 ^ a ^ 0.8, 
0.2 g b ^ 1.0, 0.5 ^ c ^ 2.2. 

O^dS 1.6, OSes 0.8, 
0<f<2.0, 0.2 S g S 1.0, r 

55 Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements. 

Y^Ca^Cu^Oe+fCg (I-3) 

where 

0.3 S x S 0.8, OSes 0.8, 
0<f<2.0, 0.2sSgsS1.0. 
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The foregoing metal oxide materials according to the present invention are excellent superconductive ma- 
terials having the foregoing "single-phase state". The "single-phase state" on the present invention can be con- 
firmed by an X-ray diffraction measurement or a TEM measurement 

The value of the critical current density of the metal oxide material according to the present invention is 
laiger than that of the conventional Y-type (YBa 2 Cu 3 0 7 ) material. It means a fact that the metal oxide material 
exhibits signif icantly small impurities to be deposited In the grain boundary as compared with the YBa 2 Cu 3 07 
material. It is preferable that critical current density ratio (a) to be described later is a a 1.1, preferably a 2; 
1 .4, and most preferably a £ 1 .7. 

It is preferable that the volume fraction of the superconductor of the metal oxide material according to the 
present invention is 70% or more, more preferably 80% or more. The foregoing fact also means that the metal 
oxide material according to the present invention has the excellent "single-phase state". 

A process for preparation of the metal oxide material according to the present invention will now be de- 
scribed. 

15 It is preferable that the conditions for the process for preparation of the metal oxide material according to 

the present invention are established as follows depending upon the composition formulas of the desired ma- 
terials. 

Ln.Ca b Sr 0 Ba d Cu 2+ «Oft^Co (l-A) 

where 

20 a + b + c + d-3, 0.2 s a ^ 0.8, 

0.2 sab £1.0, 0.5 =£0 3 2.2, 
OSdsSI.e, 0^e^0.8 ( 
0<f<2.0, 0.2=sgsM.O, 
Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements. 
25 The process for preparation of the metal oxide expressed by the foregoing composition formula (l-A) is 

characterized by a heat treatment process in which the material is heated to a temperature range from 600°C 
to 1100°C in an atmosphere in which the partial pressure of C0 2 is 0.01 to 1 atm and the partial pressure of 
0 2 is 10 to 400 atm. 

(Ln 1 . a Ca a )(Sr 2 . t> Ba b )(Cu 1 . c C c )Cu 2 O e+ d <I-B) 

30 where 

0.2 £ a £ 0.8, 0.4 3 b 3 1.7, 

0.2 £cs£ 0.7, 0<d<2.0 
Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements 
except for Ce, Pr and Tb. 

35 The process for preparation of the metat oxide expressed by the foregoing composition formula (l-B)^is 

characterized by a heat treatment process in which the material is heated to a temperature range from 800°C 
to 1200°C in an atmosphere in which the partial pressure of C0 2 is 0.001 to 0.2 atm and the partial pressure 
of 0 2 is 0.2 atm or higher and by an annealing process set to a temperature range from 400°C to 1200°C in an 
oxygen atmosphere of 5 atm or higher. 

40 (Ln 1 . a Ca a )(Sr 2 . b Ba b )(Cu 1 . c C c )Cu 2 O ft+iJ (l-C) 

where 

0.4 ^ a ^ 0.8, 0.8 Sab £1.6, 
0.3 £ c ^ 0.7, 0.5 S d S 1.5 
Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements 
45 except for Ce, Pr and Tb. 

The process for preparation of the metal oxide expressed by the foregoing composition formula (l-C) ts 
characterized by a heat treatment process in which the material is heated to a temperature range from 850°C 
to 1100°C in an atmosphere in which the partial pressure of C0 2 is 0.001 to 0.02 atm and the partial pressure 
of 0 2 is 0.2 atm or higher and by an annealing process in an oxygen atmosphere range from 10 atm to 1000 
so atm. . 

Ln a Ca b Sr c Ba d Cu 2 ^ h M h 0 6+f C g (l-D) 

where 

a + b + c + d = 3, 0.2 ^ a ^ 0.8, 
0.2 si bss 1.0, 0.3 ^ c ^ 2.2. 
55 0 3d. £1.7. OSes 0.8, 

0.05 ^ h 0.2, 0 < f < 2.0, 

0.2 ^ g ^ 1 .0, 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid elements 
and M is one or more elements or atomic groups selected from a group consisting of Al, Si, Ti, V, Cr f Fe, Co, 
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Oa, Ge and Pd. 

The process for preparation of the metal oxide expressed by the foregoing composition formula (l-D) is 
characterized by a heat treatment process to be performed in an atmosphere in which the partial pressure of 
5 C0 2 is 0.001 atm or higher and the partial pressure of 0 2 is 0,2 atm or higher. 

The material for the foregoing process may be O, C and oxides or carbonates of each element (Ln, Ca, 
Sr, Ba. M and Cu), the quantity of which oxides or carbonates is determined in accordance with the composition 
ratio of the desired final product. 

The metal oxide material prepared by the foregoing materials and the process is also a very effective ma- 
10 terial to be used in the form of a thin film or a thick film. It can be used in a sputtering method using target 
containing the compound according to the present invention, such as a high-frequency sputtering method or 
a magnetron sputtering method and in a spraying method. 

The Tc of a copper oxide material obtainable from the metal oxide material and the process according to 
the present invention reaches 50Kto 120K although the superconducting transition temperature is different 
15 depending upon the baking condition and the composition. Therefore, the superconductor according to the 
present invention and one prepared by the process according to the present invention can be used in a simple 
cooling machine such as a cryopump or a cooling means using liquid nitrogen as weli as at the liquid helium 
temperature. 

20 Examples 

Examples and comparative examples of the present invention will now be described further in detail. 
Examples 1 to 10 and Comparative Examples 1 to 10 



As the material, Y 2 0 3 , CaC0 3 , SrC0 3 , BaC0 3( CuO, Al 2 0 3 , Si0 2 , Ti0 2( V 2 O s , Cr 2 0 3 . Fe 2 0 3 , Co 2 0 3 , Ga 2 0 3 , 
GeQ 2l PdO, Mn0 2 , NiO, ZnO, Nb 2 0 5t Mo0 3 . Ru0 2 , Hf0 2 , Ta 2 0 6 , W0 3 and Re0 3 were used. Each of their mix- 
tures was formed into a pellet shape having a diameter of 1 0 mm and a thickness of 1 mm by applying pressure. 
The pellet products were baked on an alumina boat in air, the temperature of which was 800 to 1000°C, and 
30 then again pulverized to be mixed. Then, they were again baked to 700 to 900°C in an atmosphere in which 
0.1 atm C0 2 and 50 atm oxygen were present. As a result, copper oxides respectively according to the present 
invention and comparative examples were prepared. 

The electric resistance and the magnetic susceptibility of the foregoing samples were measured in a tem- 
perature range from the room temperature to the liquid helium temperature. Further, X-ray diffraction and 
35 EPMA were measured. The quantity of oxygen includes an error about 10 to 20% occurring in the measure- 
ment Samples judged as the single phase in the measurement of the X-ray diffraction were further discrim-| 
inated whether or not their fine portions had the single phase by measuring the TEM. In order to examine 
whether or not deposition of impurities and so forth took place in the grain boundaries, proportion a of each 
sample with respect to the critical current density of the Y-type material was measured under the same con- 
40 ditions, which the Y-type material has been baked in oxygen atmosphere and has critical temperature Tc of 
93K. The critical current density was measured at 30K by a DC four-probe method. 

Table 1 shows the composition ratio, the superconducting transition temperature Tc (unit is K) and the pro- 
portion a of the critical current density of the Y-type material to that of the samples according to the present 
invention. As can be seen from Table 1 , all of the metal oxide materials according to the present invention show 
45 the superconductive transition when Tc is 50K or higher. Further, the relative critial electric current densities 
of all of the samples according to the present invention to that of the Y-type material were larger than 1 . There- 
fore, it can be understood that excellent bonding was realized in the grain boundary. As a result of the meas- 
urements of the X-ray diffraction and the TEM, all of the samples according to the present invention had the 
single structure, that is. the single phase. The magnetic susceptibility was evaluated by observing Meissner 
50 signal peculiar to the superconduction at temperatures corresponding to each Tc. Further, the volume fraction 
of the superconductor attained a little less than 80%. whereby it was confirmed that the excellent supercon- 
ductive characteristics was attained. 

Table 2 shows the injection composition according to comparative examples. The samples according to 
the comparative examples shown in Table 2, which contain elements except for the component elements ac- 
55 cording to the present invention, are not single phase as a result of the measurement of the X-ray diffraction. 
A portion of them did not show the superconductive transition and a portion of them had a low Tc of 50K or 
lower if they showed the superconductive transition while having a superconductive volume fraction of 40% or 
lower. As can be understood from the foregoing facts, they had unsatisfactory superconductive characteristics. 
As for the electric resistance, the samples had a high electrical resistivity at the room temperature which was 
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two or more times that of the samples according to the present invention. Therefore, the samples had unsat- 
isfactory characteristics to serve as electric conductors. 

Table 1 



Example No. 


Composition ratio 


Tc(K) 


Critical Current Density Ratio a 


1 


Yo^Cao.sSro^Bai .3Cu2,3Alo,i C^Cq.g 


85 


2.2 


2 


Yo.sCao^Sro./Bai.aCuj.sSio.osOyCo^s 


83 


2.0 


3 


Yo.5Cao.5Sro.7Ba1 3Cu2.2Tio^07Co.e 


84 


2.8 


4 


Yo^Cao.sSrQ^Bai .3CU2.3 V0.1 OyCo.e 


87 


2.4 


5 


Yo.5Cao.5SrQ.7Ba1 .3Cu2.25Cr0.2O7C0.55 


85 


1.9 


6 


Yo.5Cao.5Sro.7Bai.3Cu2^sl :: 'eo.i507Q).8 


57 


1.2 


7 


Yo.50ao.sSro.7Bai.3Cu2.2Coo^07Co.6 


77 


1.8 


8 


Yo.50ao,5Sro.7Bai t 3Cu2.3Gao i t07Co,6 


83 


2.1 


9 


Yo. 5 Ca 0 , s Sro.7Ba 1 .3Cu2.3Geo. 1 07Co.d 


86 


2.3 


10 


Yo5Ca05Sr07BaL3Cu2.5Pd0.05O7C0.45 


70 


1.4 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Table 2 



Comparative Example No. 


injection Composition 


1 


Yo.5Cao.5Sro.7Ba 1t3 Cu2^Mno.207Co.e 


2 


Yo.50a 0 . 6 Sro.7Ba 1 .3Cu2^Nioj 2 0 7 Co,fl 


3 


Yo.5Cao.5Sr o.7Bai.3Cu2^Zno^07Co.6 


4 


Yo,5Cao,5Sro.7Ba 1 . 3 Cu2^Nbo.20 7 C ae 


5 


Yo.5Ca 0 ,5Sro.7Ba 1 .3Cu Z2 Moo.207Co,e 


6 


Yo.5Ca 0 .5Sro,7Ba 1 ,3Cu2^Ruo. 2 07Co.6 


7 


Yo.5Cao.5Sro.7Bai.3Cu2^Hfo^07Co,6 


8 


Yo.sCao.sSrojBaLaCuj^Tao^C^Co.e 


9 


Yo.5Ca 0 , 5 Sro.7Bai.3Cu2_2Wo.207Co.6 


10 


Yo.sCao.5Sr 0i 7Bai < 3Cu2^Reo.207Co,6 



Other examples and comparative examples will now be described to explain the present invention. 
Examples 11 to 20 and Comparative Examples 11 to 20 

As the materials, Y 2 0 3 , Dy 2 0 3i Er 2 0 3 , CaC0 3 , S1CO3. BaC0 3 and CuO were used. They were weighed to 
have a proper composition ratio, and then they were dry mixed. Each of the mixtures was formed into a pellet 
shape having a diameter of 10 mm and a thickness of 1 mm by applying pressure. The pellet products were 
baked on an alumina boat in air, the temperature of which was 800 to 1000°C, and then again pulverized to 
be mixed. Then, they were again baked to 700 to 900°C in an atmosphere in which 0.1 atm C0 2 and 100 atm 
oxygen were present. As a result, copper oxides respectively according to the present invention and compar- 
ative examples were prepared. 

The electric resistance and the magnetic susceptibility of the foregoing samples were measured in a tem- 
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perature range from the room temperature to the liquid helium temperature. Further, X-ray diffraction and 
EPMA were measured. The quantity of oxygen includes an error about 10 to 20% occurring in the measure- 
ment 

5 Samples judged as the single phase in the measurement of the X-ray diffraction were further discriminated 

by measuring the TEM whether or not their fine portions had the single phase. In order to examine whether 
or not deposition of impurities and so forth took place in the grain boundaries, proportion a of the critical current 
density in each sample to that of the Y-type material was measured under the same conditions, which the Y- 
type material had been baked in oxygen atmosphere and had critical temperature Tc of 93K. The critical current 

10 aensity was measured at 30K by a DC four-probe method. 

Table 3 shows the composition ratios, the transition temperatures (K) and the critical electric current den- 
sity ratios a of the samples according to the present invention. As can be seen from Table 3, all of the oxide 
materials according to the present invention had superconductively transited at Tc = 50K or higher. 

Table 4 shows the injection compositions and the electric characteristics of the samples according to the 

15 comparative examples. As can been seen from Table 4, the samples except for those according to the present 
invention did not superconductively transited. Even if they superconductively transited, it took at a low temper- 
ature of 1 0K or lower. 

Fig. 1 is a graph showing the temperature dependency of the electrical resistivity of Example 11. As can 
be seen from the graph, the superconductive transition took place at 70K and the resistance was zero at 60K. 
20 Fig. 2 is a graph showing the temperature dependency of the susceptibility of Example 11. As can be seen 
from Fig. 2, the Meissner signal was observed at 70K or higher and the superconductive volume fraction 
reached about 80% or less. Therefore, excellent superconductivity was attained. Fig. 3 shows the X-ray dif- 
fraction pattern of Example 11. As can be seen from Fig. 3, the material has a tetragonal system of a = 0.385 
nm and c = 1.12 nm. 

25 Further, the critical current density ratio a of the critical current density in each of the samples according 

to the present invention to that of the Y-type material were larger than 1. Further, it can be understood that 
excellent bonding was realized in the grain boundary. As a result of the measurements of the X-ray diffraction 
and the TEM, all of the samples according to the present invention had the single structure, that is, the single 
phase. 

so 

Table 3 



35 



Example No. 


Composition Ratio 


Tc(K) 


Critical Current Density Ratio a 


11 




70 


1.5 


12 


Dyo.4Cao,6Sr 2 Cu2.307Co.7 | 


52 


1.2 


13 


ErQ,4C3o.eSr2Cu2.a07CQ t 7 


82 


2.0 


14 


Yo.2Cao.8Sr2Cu2.3Oe.5Coj 


60 


1.4 


15 


Yo.8Cao.2Sr2Cu2.3O7.5C07 


51 


1.1 


16 


Yo.eCa! 0 Sr<i .4CU2.5O7C0.5 


59 


1,3 


17 


Yo.3Ca 0 .eSr 0 5Ba 16 Cu 2 .30 7 Co.7 


86 


2.2 


18 


Yo 4Cao.4Sr2.2Cu2.80e.5Co.2 


67 


1.7 


19 


Y0.4Ca0.eSr2Cu2.0O7.5C 1.0 


52 


1.2 


20 


Dyo.2Ero.2Cao. 6 Sr 2 Cu2. 2 0 7 Co.8 


55 


1.3 



55 
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Table 4 



15 



Comparative Example No. 


Injection Composition 


Electrical Characteristics 


11 


Yo.oCao.i S^Cu 2.3O7C0.7 


Semiconductor-like 


12 


Y<uCai .1 Srt .50112.307^0,7 


8K 


13 


Y1 .1 Cao.sSr-i jCu^sOjGqj 


Semiconductor-like 


14 


CaSr2Cu 2 ^O 7 C 0 ^ 


Semiconductor-like 


15 


Yo.6Ca 2 Sr<MCu 2 .507Co.5 


Semiconductor-like 


16 


Yo,3Cao t3 Sr2.4Cu2 J 507Co.5 


Semiconductor-like 


17 


Yo.4Cao.eSro.3Ba2j2Cu3 t6 0 8 Co.7 


9K 


18 


Yo.4Cao.eSr1 .9CUi.a05.9Co.3 


8K 


19 


Yq 4Cao.eSr2Cu 2 .907Co.i 


Semiconductor-like 


20 


Yo^Cao.eSr2Cu 2 07,2Ci ^ 


Semiconductor-tike 



Then, other examples and comparative examples will now be described to explain the present invention. 



25 Examples 21 to 25 and Comparative Examples 21 to 25 

As the material, Y 2 0 3 , CaC0 3 , SrCQ 3 and CuO were used, they were weig hed to have a proper composition 
ratio in Example 11, and then they were dry mixed. Each of the mixtures was formed into a pellet shape having 
a diameter of 10 mm and a thickness of 1 mm by applying pressure. The pellet products were baked on an 

30 alumina boat in an atmosphere comprised of C0 2 partial pressure of 0.1 atm and oxygen partial pressure of 
0.9 atm at 900 to 1000°C, and then again pulverized to be mixed. Then, they were again baked at a proper 
temperature in an atmosphere in which oxygen gas, C0 2 gas and argon gas were present at proper partial 
pressures. The electric resistance of the samples thus obtained was measured in a temperature range from 
the room temperature to the liquid helium temperature. 

35 Samples judged as the single phase in the measurement of the X-ray diffraction were further discriminated 

by measuring the TEM whether or not their fine portions hjad the single phase. In order to examine whether 
or not deposition of impurities and so forth took place in the grain boundaries, proportion a of the critical current 
density of each sample to that of the Y-type materia! was measured under the same conditions, which the Y- 
type material had been baked in oxygen atmosphere and had critical temperature Tcof 93K. The critical current 

40 density was measured at 30K by a DC four-probe method. 

Table 5 shows the partial pressure, the baking temperature and the superconducting transition tempera- 
ture. As can be seen from Table 5, alt of the metal oxide materials according to the present invention had su- 
perconductivety transited. * v " ' 

Further, the critical current density ratio a of the critical current density in each of the samples according 

45 to the present invention to that of the Y-type materiaf were larger than 1. Further, it can be understood that 
excellent bonding was realized in the grain boundary. As a result of the measurements of the X-ray diffraction 
and the TEM, all of the samples according to the present invention had the single structure, that is, the single 
phase. 

Table 6 shows the partial gas pressure, the baking temperature and the electrical characteristics of each 
so of the samples according to the comparative example. 

As can be seen from Table 6, the samples manufactured under the conditions except for those of the man- 
ufacturing method according to the present invention do no show the superconductive transition. Even if the 
superconductive transition occurs, it took place at a temperature of 10K or lower. 

55 



10 




EP 0 576 284 A1 



Table 5 



Example 
No. 


Partial Pres- 
sure of Oxy- 
gen gas 
(atm) 


Partial Pres- 
sure of co 2 
gas (atm) 


Partial Pres- 
sure of Argon 
gas (atm) 


Backing Tem- 
perature (°C) 


Tc(K) 


Critical Current 
Density Ratio a 


21 


100 


0.1 


0 


700 


70 


1.5 


22 


400 


1.0 


0 


700 


65 


1.4 


23 


100 


0.1 


0 


1,000 


52 


1.2 


24 


100 


0.1 


400 


650 


51 


1.2 


25 


10 


0.01 


0 


750 


63 


1.4 



10 



15 



Table 6 



Comparative 
Example No. 


Partial Pres- 
sure of Oxygen 
gas (atm) 


Partial Pres- 
sure of C0 2 
gas (atm) 


Partial Pres- 
sure of Argon 
gas (atm) 


Backing Tem- 
perature (°C) 


Electric Charac- 
teristics (K) 


21 


1 


0.1 


0 


700 


Semiconductor 
like 


22 


600 


2.0 


0 


1,000 


5 


23 


100 


0.001 


0 


700 


Semiconductor 
like 


24 


100 


0,1 


400 


1,200 


Semiconductor 
like 


25 


100 


0.1 


0 


550 


Semiconductor 
like 



20 



25 



30 



35 



Effects 



45 



(1) According to the present invention, a novel superconductive oxide material having satisfactory char- 
acteristics to serve as a superconductor can be obtained because the superconducting transition temper- 
ature of which is 50K or higher. 

(2) According to the present invention, a novel single-phase superconductive oxide material can be ob- 
tained. 

(3) By using the processes according to the present invention, the structure and the superconductive char- 
acteristics of the material according to the present invention can stably be obtained. 



Examples 26 to 36 



50 



55 



As the materials. Y 2 0 3l Nd 2 0 3( Er 2 0 3 , Lu 2 0 3 , CaC0 3 , SrC0 3? BaC0 3 and CuO were used. They were 
weighed to have a proper composition ratio, and then they were dry mixed. 

Each of the mixtures was formed into a pellet shape having a diameter of 10 mm and a thickness of 1 mm 
by applying pressure. The pellet products were baked on an alumina boat in an atmosphere, the temperature 
of which was 900 to 1100°C and in which 0.01 atmosphere C0 2 and 0.99 atmosphere oxygen were present. 
Then, the samples were annealed at 900 to 1100°C under 50 atm oxygen so that the copper oxide material 
according to the present invention was prepared. 

The electrical resistance and the susceptibility of the obtained samples were measured in a temperature 
range from the room temperature to the liquid heiium temperature. Further, the X-ray diffraction and EPMA 
were measured. The quantity of oxygen includes an error of about 20% due to the measurement operation. 

Samples judged as the single phase in the measurement of the X-ray diffraction were further discriminated 
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by measuring the TEM whether or not their fine portions had the single phase. In order to examine whether 
or not deposition of Impurities and so forth took place in the grain boundaries, proportion a of the critical current 
density in each sample to that of the Y-type material was measured under the same conditions, which the Y- 

5 type material had been baked in oxygen atmosphere and had critical temperature Tc of 93K. The critical current 
density was measured In a magnetic field, the temperature of which was 30K by a DC four-Probe method. 

Table 7 shows the composition ratio of the metal oxides according to the present invention, their transition 
commencement temperature Tc (K) and the critical electric current density a. As can be seen from Table 7 ( all 
of the oxide materials according to the present invention were superconductively transited at temperatures Tc 

10 of 80K or higher. 

Fig. 4 is a graph showing a temperature dependency of the electrical resistivity of the sample according 
to Example 28. As can be seen from Fig. 4, the material according to Example 28 commences superconductive 
transition at 120K and the resistance became zero at 85K. 

As a result of the measurement of the susceptibility, the superconduction volume fraction at the liquid ni- 
15 trogen temperature approached 70%. Therefore, excellent superconductive was obtained. 

Further, the critical current density ratio a of the critical current density in each of the samples according 
to the present invention to that of the Y-type material were larger than 1. Further, it can be understood that 
excellent bonding was realized in the grain boundary. As a result of the measurements of the X-ray diffraction 
and the TEM, all of the samples according to the present invention had the single structure, that is, the single 
20 phase. 

As can be seen from Table 7, materials having the composition formula satisfying the following range ex- 
hibited high Tc: 0.4 £ a £ 0.8, 0,8 s b -s 1.6, 0.3 ^ c ^ 0.7 and 0.5 £ d £ 1.5. 



Table 7 



25 



30 



35 



40 



Example No. 


Composition ratio 


Tc(K) 


Critical Current Density Ratio a 


26 


Yo,4Cao,eSro.7Ba 1t 3Cuo.6Co.4Cu 2 07 


105 


2.9 


27 


Ndo.sCao.sSro.sBai^Cuo.eCo^CuaOy 


92 


2.5 


28 


^ **<mC a<>. e S r<>, 7 Ba ^ . 3 C u 0 , eCo .4C u 2 0 7 


120 


3.0 


29 


Luo.4Ca0.sSr! . , Ba 0 .9Cuo.6Co.4Cu20 7 


100 


2.5 


30 


Yo.7Cao.3Sro.7Ba! .3CU0.6C0.4CU2O7 


80 


1.9 


— 


Yo,3Cao l 7Sr 0 .7Ba 1i 3Cu 0 .4C 0 . 6 Cu 2 07 


95 


2.3 


32 


Yo.4Cao.6Sr 1 . 5 Bao.5Cuo.eCo.4Cu 2 07 


81 


1.9 


33 


Yo.4Cao.6Sr 0i3 8ai.7Cuo.eCo' 4 Cu 2 07 


83 


2.0 


34 


Ndo.3Luo.2Cao.5Sro.7BaL3Cuo.8Co.2O7 


83 


1.9 


35 


Yo.4Cao.eSro.7Ba! 3 CUo.4Co.eCu 2 Oe.5 


82 


2.0 



Examples 36 to 40 

As the materials, Y 2 0 3 , CaC0 3 , SrC0 3 , BaC0 3 and CuO were used. They were weighed to have the same 
composition ratio as that according to Example 26, and then they were dry mixed. Each of the mixtures was 
formed into a pellet shape having a diameter of 10 mm and a thickness of 1 mm by applying pressure. The 
pellet products were baked on an alumina boat in an atmosphere, the temperature of which was X°C and in 
which the partial pressure of C0 2 was Y atmospheres and the partial pressure of oxygen was Z atmospheres. 

Then, the samples were annealed at 1000°C in an atmosphere of 50 atm of oxygen. The electric resistance 
of each sample obtained as described above was measured in a temperature range from the room temperature 
to the temperature of liquid helium. f 

Samples judged as the single phase in the measurement of the X-ray diffraction were further discriminated 
by measuring the TEM whether or not their fine portions had the single phase. In order to examine whether 
or not deposition of impurities and so forth took place in the grain boundaries, proportion a of the critical current 
density in each sample to that of the Y-type material was measured under the same conditions, which the Y- 
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type material had been baked In oxygen atmosphere and had critical temperature Tc of 93K, The critical current 
density was measured at 30K by a DC four-probe method. 

Table 9 shows the manufacturing conditions for each example, that is, the baking temperature X°C, the 
5 partial pressure Y atm of C0 2 gas and the partial pressure Z atm of 0 2 gas, Table 9 further showing the su- 
perconducting transition temperature and the critical electric current ratio a of the obtained materials. 

As can be seen from Table 9, all of metal oxide materials obtained by the manufacturing method according 
to the present invention have transited to the superconductive state at 80 K or higher. 

Further, it can be understood from Table 9, the materials synthesized in an atmosphere in which the partial 
10 pressure of C0 2 was 0.001 to 0.02 atm and in a temperature range of 850 to 11 00°C have a high Tc of 90K or 
higher. 

Further, the critical current ratio a of the critical current density in each of the samples according to the 
present invention to that of the Y-type material were larger than 1 . Further, it can be understood that excellent 
bonding was realized in the grain boundary. As a result of the measurements of the X-ray diffraction and the 
15 TEM, all of the samples according to the present invention had the single structure, that is, the single phase. 



Table 9 



Baking Conditions According to the Present Invention 


Example No. 


Baking Temper- 
ature (X°C) 


Partial Pres- 
sure of C0 2 
gas (Y atm) 


Partial Pressure 
of 0 2 gas (2 atm) 


Tc(K) 


Critical Current Densi- 
ty Ratio a 


36 


820 


0.01 


0.99 


82 


2.0 


37 


970 


0,02 


0,99 


105 


2.9 


38 


1120 


0.01 


0.99 


85 


2.1 


39 


940 


0.001 


0,2 


93 


2.2 


40 


1000 


0.2 


3 


87 


2.1 



Examples 41 to 45 

As the materials, Y 2 0 3l CaC0 3 , SrC0 3 , BaC0 3 and CuO were used, they were weighed to have the same 
composition ratio as that according to Example 26, and then they were dry mixed. Each of the mixtures was 
formed into a pellet shape having a diameter of 10 mm and a thickness of 1 mm by applying pressure. The 
pellet products were baked on an alumina boat in an atmosphere, the temperature of which was 1000°C and 
in which the partial pressure of C0 2 was 0.1 atm and the partial pressure of oxygen was 0.99 atm. 

Then, the samples were annealed at Y°C in an atmosphere of X atm of oxygen. As a result, metal oxide 
materials according to the present invention were obtained. 

The electric resistance of each sample obtained as described above was measured in a temperature range 
from the room temperature to the temperature of liquid helium. 

Samples judged as the single phase in the measurement of the X-ray diffraction were further discriminated 
by measuring the TEM whether or not their fine portions had the single phase. In order to examine whether 
or not deposition of impurities and so forth took place in the grain boundaries, proportion a of the critical current 
density in each sample to that of the Y-type material was measured under the same conditions, which the Y- 
type material had been baked in oxygen atmosphere and had critical temperature Tc of 93K. The critical current 
density was measured at 30K by a DC four-probe method. 

Table 10 shows the X atm of the 0 2 gas and the annealing temperature Y°C at the time of performing 
annealing, the superconducting transition temperature and the critical electric current density a of the obtained 
metal oxide material. As shown in Table 10, it was found that the metal oxide materials manufactured by the 
process according to the present invention transited to the superconductive state at 80K or higher. 

As can be seen from Table 10, the samples obtained by annealing the baked samples at an oxygen pres- 
sure range from 10 atm to 1000 atm exhibited high Tc of 90K or higher. 

Further, the critical current density ratio a of the critical current density in each of the samples according 
to the present invention to that of the Y-type material were larger than 1. Further, it can be understood that 
excellent bonding was realized in the grain boundary. As a result of the measurements of the X-ray diffraction 
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and the TEM, all of the samples according to the present invention had the single structure, that is, the single 
phase. 

Table 10 



Annealing Conditions According to the Present Invention 


Example No. 


Pressure of 0 2 at an- 
nealing (X atm) 


Annealing Tempera- 
ture (Y°C) 


Tc(K) 


Critical Current Density Ra- 
tio a 


41 


5 


400 


81 


1.9 


42 


50 


800 


105 


2.9 


43 


500 


1000 


115 


3.0 


44 


1200 


1200 


87 


1.9 


45 


5 


1000 


83 


1.9 



As described above, the metal oxide material manufactured by the process according to the present in- 
vention exhibits the supreconducting transition temperature of 80K or higher, and 120K if the optimum com- 
position and synthesizing conditions are employed. Therefore, superconductive oxide material exhibiting ex- 
cellent characteristics can be obtained as the superconductor. 

Further, the process according to the present invention uses the raw material and produced compound 
which exhibit satisfactory restricted toxicity. Therefore, the process according to the present invention is a safe- 
ty process enabling a novel superconductive oxide material to be obtained. 

Further, the present invention enables a single-phase superconductive oxide material exhibiting a high Tc 
to be manufactured. 

Although the invention has been described in its preferred form with a certain degree of particularly, it is 
understood that the present disclosure of the preferred form has been changed in the details of construction 
and the combination and arrangement of parts may be resorted to without departing from the spirit and the 
scope of the invention as hereinafter claimed. 



35 



Claims 

1 A metal oxide material comprising components, the composition of which is expressed by the following 
composition formula (i): 

LnaCabSroBadCtw h M h O 6+f C 0 (I) 

where 

a + b + c + d~3, 0.2 2S a :S 0.8, 
■0.2Sbi1.0, 0.3 s£c £2.2, 
OSdsl.7, Osae^O.8, 
0 £ h £ 0.2, 0 < f < 2.0, 
0.2 £ g£ 1.0, 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid ele- 
ments and M is one or more elements or atomic groups selected from a group consisting of Al, Si, Ti, V, 
Cr, Fe, Co, Ga, Ge and Pd. 

2. A metal oxide material according to claim 1, wherein h =* 0 in said composition formula (I). 

3. Ametaioxide material according to claim 1, wherein h = 0,0.5 ^c^ 2.2 and 0 ^ d ^ 1.6 in said composition 
formula (I). 

4. A metal oxide material according to claim 1 1 wherein Ln is Y, a = 1 - x, b = x, 0.3 £ x £ 0.8, c = 2, d = 0 
55 and h = 0. 

5. A metal oxide material according to any one of claims 1 to 4, wherein the superconducting transition tem- 
perature is 50K or more. 



40 



45 



50 
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6. A process for preparation of a metal oxide material the composition of which is expressed by the following 
composition formula (l-A), which comprises: 

heating a raw material to a temperature range from 600°C to 1100°C in an atmosphere that the 
s partial pressure of C0 2 is 0.01 to 1 atm and the partial pressure of Oj is 10 to 400 atm: 

Ln.CabSrcBaaCu^CVfCg (l-A) 

where 

a + b + c + d = 3, 0.2 ^as 0,8, 

0.2 ^ b ^ 1.0, 0.5S ess 2.2, 
10 0£d£l,6, 0 3e£0,8, 

0<f<2.0, 0.2£g=S1,0, 
Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid ele- 
ments. 

15 7. A process for preparation of a metal oxide material the composition of which is expressed by the following 
composition formula (l-B), which comprises: 

heating a raw material to a temperature range from 800°C to 1200°C in an atmosphere that the 
partial pressure of C0 2 is 0,001 to 0.2 atm and the partial pressure of 0 2 is 0,2 atm or higher; and 

annealing said raw material at a temperature range from 400°C to 1 200°C in an oxygen atmosphere 
2Q of 5 atm or higher: 

(Ln v a Ca a )(Sr 2 _ b Ba h )(Cu,_ c C c )Cu 2 0 6+d (l-B) 

where 

0.2 ^ a ^ o.S, 0.4 Sb si 1.7, 

0.2 ^ c ^ 0.7, 0<d<2.0 
25 Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid ele- 

ments except for Ce, Pr and Tb, 

8. A process for preparation of a metal oxide material the composition of which is expressed by the following 
composition formula (l-C), which comprises: 

heating a raw material to a temperature range from 850°C to 1100 Q C in an atmosphere in which 
the partial pressure of C0 2 is 0.001 to 0.02 atm and the partial pressure of 0 2 is 0.2 atm or higher; and 
annealing said raw material in an oxygen atmosphere range from 10 atm to 1000 atm: 
(Ln 1 .,Ca a )(Sra. b Ba b )(Cu 1 - c C e )Cu 2 0 e+d (l-C) 

where 

0,4 s a £0.8, 0.8 £ b £ 1,6, 
0.3 S-c 3 0.7, 0.5 3 d £ 1.5 i 

Ln is one or more elements or atomic groups selected from algroup consisting of Y and lanthanoid ele- 
ments except for Ce, Pr and Tb. 



30 



35 



40 
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9. A process for preparation of a metal oxide material the composition of which is expressed by the following 
composition formula (l-D), which comprises: 

heating a raw material in an atmosphere in which the partial pressure of C0 2 is 0.001 atm or higher 
and the partial pressure of 0 2 is 0.2 atm or higher: 

Ln a Ca b Sr c Ba d Cu 2+ft _ h M h O 6+f C 0 (l-D) 

where 

a + b + c + d = 3, 0.2 ^ a I 0.8, 
0,2 t b \. 1.0, 0,3 ^ c ^ 2.2, 

0 = d : 1.7. 0 ^ e ^ 0.8, 

0.05 * h 0.2. 0 < f < 2.0, 

0.2 ' g : 1.0, 

Ln is one or more elements or atomic groups selected from a group consisting of Y and lanthanoid ele- 
ments and M is one or more elements or atomic groups selected from a group consisting of AJ, Si, Ti, V, 
Cr, Fe, Co, Ga. Ge and Pd. 

10. A metal oxide material exhibiting superconductive properties and having approximately the composition 
ratio of any of Examples 1-35. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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